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Abstract
Background: Mortality exhibits seasonal variations, which to a certain extent can be considered as mid-to long-
term influences of meteorological conditions. In addition to atmospheric effects, the seasonal pattern of mortality is
shaped by non-atmospheric determinants such as environmental conditions or socioeconomic status.
Understanding the influence of season and other factors is essential when seeking to implement effective public
health measures. The pressures of climate change make an understanding of the interdependencies between
season, climate and health especially important.
Methods: This study investigated daily death counts collected within the Sample Vital Registration System (VSRS)
established by the Bangladesh Bureau of Statistics (BBS). The sample was stratified by location (urban vs. rural),
gender and socioeconomic status. Furthermore, seasonality was analyzed for all-cause mortality, and several cause-
specific mortalities. Daily deviation from average mortality was calculated and seasonal fluctuations were
elaborated using non parametric spline smoothing. A seasonality index for each year of life was calculated in order
to assess the age-dependency of seasonal effects.
Results: We found distinctive seasonal variations of mortality with generally higher levels during the cold season.
To some extent, a rudimentary secondary summer maximum could be observed. The degree and shape of
seasonality changed with the cause of death as well as with location, gender, and SES and was strongly age-
dependent. Urban areas were seen to be facing an increased summer mortality peak, particularly in terms of
cardiovascular mortality. Generally, children and the elderly faced stronger seasonal effects than youths and young
adults.
Conclusion: This study clearly demonstrated the complex and dynamic nature of seasonal impacts on mortality.
The modifying effect of spatial and population characteristics were highlighted. While tropical regions have been,
and still are, associated with a marked excess of mortality in summer, only a weakly pronounced secondary
summer peak could be observed for Bangladesh, possibly due to the reduced incidence of diarrhoea-related
fatalities. These findings suggest that Bangladesh is undergoing an epidemiological transition from summer to
winter excess mortality, as a consequence of changes in socioeconomic conditions and health care provision.
Background
Seasonality of mortality and, in general, of disease is a
well-known phenomenon in many regions and countries
worldwide. Numerous studies have been conducted in
industrialized countries of the mid-latitudes [1-7] that
relate a multitude of causes of death to seasonal inci-
dence (e.g., cardio-respiratory diseases, infectious dis-
ease) [5,8-13]. Likewise, seasonal fluctuations have been
observed for tropical climates [14-18], despite the less-
pronounced intra-annual climatological variation that is
mainly related to seasonal differences in precipitation.
Nevertheless, the number of studies focusing on tropical
climates is limited, especially for Asian countries.
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Although seasonal variations are to some extend dri-
ven by seasonal variations in weather, they underlie var-
ious non-atmospheric influences. These influences have
fundamentally modified the shape of the seasonal pat-
tern over recent centuries [5,19-22]. In developed coun-
tries, a shift from a summer peak in mortality towards a
winter peak has been observed (ibid). In contrast, tropi-
cal countries have been, and still are, associated with
excess summer mortality; this is often explained by a
high prevalence of infectious and diarrhoeal disease
[17,18,23-25]. The modifying effect of non-atmospheric
parameters is well-demonstrated by the existence of dif-
ferent seasonality regimes within the same climatic
region. For instance, major differences between urban
and rural areas could be observed in France in the 18th
century [26], and were also found between White and
Afro-American groups in Philadelphia in the same cen-
tury [27]. In a more recent study, education serving as a
proxy for socioeconomic status has been highlighted as
a determinant for seasonal fluctuations of mortality [5].
Apart from climate, cultural and behavioural aspects
apparently play a major role in shaping the seasonal dis-
tribution of mortality [5,28,29]. Paradoxically, studies
show that countries with a relatively warm or mild win-
ter climate, such as Spain, Portugal, Italy, or the UK and
Ireland, experience much greater excess winter mortality
than countries with harsh climatic conditions during
winter, such as Finland, Norway, or Russia (Siberia)
(ibid). Better adjustment and social adaptation to the
cold in countries with cold winter climates have been
cited as explanations (ibid). There is evidence that with
the same outdoor temperatures, people living in colder
climates wear warmer clothes and protect themselves
better against the cold [29-31].
Understanding the impact of seasonally varying fac-
tors, the effects of atmospheric conditions and the mod-
ifying effect of non-atmospheric influences can make a
contribution to establishing effective public health mea-
sures. Whereas in a recent study [32] we investigated
the short-term effects of thermal conditions, this study
seeks to asses mid-to long-term seasonal effects and
atmospheric influences. To date, few studies have inves-
tigated the atmosphere-mortality relationship in a tropi-
cal developing country; whereas the vast majority of all
such research has concentrated on an assessment of sea-
sonal effects rather than immediate meteorological
effects. In focusing on seasonality we were able to set
the findings of this work in the context of other studies
thus allowing comparison of results. Moreover, conduct-
ing a multi-stratified analysis enabled us to reach a bet-
ter understanding of the various non-atmospheric effect
modifiers. In particular, we focused on the differences
between urban and rural areas, gender differences and
differences between regions with different
socioeconomic status (SES). We also considered various
causes of death and age-specific effects.
Methods
Mortality data were provided by the Bangladesh Bureau
of Statistics (BBS) for the period from 2002 to 2007.
The data were collected within the Sample Vital Regis-
tration System (SVRS), which has existed in its current
version since 2002. The SVRS comprises and surveys
1,000 Primary Sample Units (PSU) in rural and urban
areas, and in the statistical metropolitan area (SMA). A
PSU is a compact cluster with approximately 200 house-
holds with a household size of 4-5 members (4.7 on
average). A number of 640 PSUs is located in rural
areas, comprising 132,646 households; 280 PSUs are
located in urban areas with 57,852 households and 80
PSU are placed in the SMA with 16,024 households.
The SVRS provides information on housing, household,
and population characteristics that are continuously
updated. Data is collected using a dual recording system.
Initially, vital events are collected by a locally-recruited
recorder (System 1). Subsequently, data are collected in
retrospective by a group of officials from the BBS on a
quarterly basis (System 2). Afterwards, data are matched
by pre-designed matching criteria and classified into
matched, partially-matched and non-matched events.
Partially-matched and non-matched events are subject
to further verification through field visits. The following
information about each fatal event was recorded: name
of the deceased, date of birth, date of death and sex of
the deceased. Moreover, a cause of death is attributed,
which, however, is not medically certified. For further
information see [33].
For this study all accidental deaths, maternity-related
deaths, data from the statistical metropolitan area, and
the data of 2002 were excluded. Furthermore, we
excluded deaths of infants younger than one year, as
births exhibit seasonal variations which could confound
our analysis. As severe flooding submerged major parts
of the country in 2004, we conducted a sensitivity analy-
sis running our analysis with and without data from this
year. Results were mostly unaffected, except for diar-
rhoeal mortality and other-cause mortality. Therefore,
the analysis on those two causes of death was done
excluding deaths occurring in 2004. In total, 21,551
deaths were analyzed. Stratified-time series plots of the
daily death counts are provided in an additional file
(Additional file 1).
Daily mortality was defined as daily crude death rates
(number of deaths per population). In order to facilitate
comparison between different subcategories we calcu-
lated the percent deviation from average mortality for
each day of the year from 2003 to 2007. Average daily
mortality (expected mortality) was calculated separately
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for each year in order to account for inter-annual
changes in mortality.
In order to assess the extent of seasonality and its age-
specific characteristics, we calculated a seasonality index
(F) for each year of life, defined as the ratio of the num-
ber of deaths in the months with the highest and lowest
mortality (see Formula 1).
ϕ =
1
n
n∑
i=1
(
NMax,i
NMin,i
)
(1)
With F being the seasonality index, NMax and
NMin the numbers of deaths in the months with
the highest and lowest death counts in year i,
and n the number of years from 2003 to 2007.
To display seasonal variations of mortality and age-
specific seasonality of mortality we smoothed the data
with penalized spline (P-spline) smoothers. Unlike many
other seasonality studies we chose a non-parametric
smoothing approach in order to account for multi-
modal seasonal distributions. Data analysis and smooth-
ing was carried out using R (Version 2.11.0) and the R
package ‘mgcv’. P-splines applied in this analysis are as
proposed by Eilers and Marx [34].
The analysis of seasonality by SES was conducted on
the administrative level of Zilas, which are subunits of
the six divisions existing in Bangladesh. To distinguish
between Zilas with high and low SES, we derived four
socioeconomic factors by conducting a factor analysis
(Varimax rotation) using R (Version 2.7.2). Variables
considered for factor analysis were child mortality rate,
child/woman ratio, literacy rate, fertility rate, source of
drinking and non-drinking water, infant mortality,
insolvency rate and use of solid fuels. At least three of
the four derived factors being below or above the 50th
percentile were criteria for Zilas to be categorized as
either low or high SES. Of the 64 Zilas, 23 were categor-
ized as having poor SES and 25 were categorized as hav-
ing high SES. The remaining Zilas were treated as
reference. Like in most developing countries, differences
between sub-populations are strongly pronounced, but
also differences between the considered divisions were
marked. The relative standard deviation for the use of
surface water as drinking water reached up to 400%;
also for infant and child mortality or insolvency the rela-
tive standard deviations ranged between 30 and 70%.
Results
Causes of death
Major causes of death were respiratory diseases (~18%),
cardiovascular diseases (~14%) and infectious diseases
(~14%). Cancer made up approximately 6% of all deaths.
Diarrhoeal disease only accounted for approximately 4%,
while vector-borne diseases and malnutrition accounted
for approximately 2% of all deaths on average. Approxi-
mately 18% of mortalities were classified as “old-age dis-
eases”, and approximately 22% were not specifically
classified.
The distribution of cause of death varied with age
(Figure 1). The main causes of death among children
were respiratory, diarrhoeal and infectious diseases.
However, these causes declined for juveniles and older
persons, and other causes of death, such as cancer and
cardiovascular diseases, became more dominant. Besides
the age-dependency of the distribution of cause of
death, we found differences between urban vs. rural
areas, between males vs. females, and between regions
with high vs. low SES (Table 1). The Chi-square test
was applied to determine whether the probability of
Figure 1 Age-dependency of causes of death.
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dying from a particular disease was significantly different
between two categories (rural vs. urban, male vs. female,
high vs. low SES). The risk of dying from respiratory,
diarrhoeal, infectious or vector-borne disease was signifi-
cantly higher in rural areas, while in urban areas the risk
of dying from cardiovascular disease or cancer was
higher. Likewise, significant differences were found
between males and females with increased probability in
males of dying from respiratory or cardiovascular dis-
ease and females dying from diarrhoeal and infectious
disease or malnutrition. In low SES regions a higher
probability of dying from diarrhoeal disease was
observed whilst in high SES regions the probability of
dying from cardiovascular disease was higher.
Seasonal variations of all-cause mortality and cause-
specific mortality
All-cause and cause-specific mortality showed a pro-
nounced seasonality, except for cancer. For our further
analysis of cause-specific seasonality we focused on
respiratory, cardiovascular and diarrhoeal mortality.
Analyses for other causes of death are included in an
additional file (Additional file 2), but will not be dis-
cussed due to the complexity of disease pathogenesis
and multitude of causative agents, particularly in the
case of infectious and other disease mortality. All-cause
mortality exhibited a marked seasonality with a bimodal
distribution. The primary maximum occurred during
the cold and dry season (October to February), and the
secondary maximum was from May to July, at the end
of the summer season and the beginning of the mon-
soon season (Figure 2). With regard to different disease
groups, marked seasonal variations could also be
observed, with the shape of the seasonal distribution
being determined by location, gender, or SES. Generally,
respiratory and cardiovascular mortality were highest
during the cold season, with some strata additionally
showing increased levels during summer. Seasonal fluc-
tuations in diarrhoeal mortality varied heavily by
investigated category, with no seasonal pattern or multi-
ple seasonal peaks and troughs occurring during the
year.
Seasonal variation by location, gender, and SES
A greater excess of all-cause mortality in summer was
evident in urban areas than in rural areas, while winter
excess mortality was equally high in both areas (Figure
2). For females and regions with high SES slightly stron-
ger seasonal fluctuations were observed, originating
mainly from a strong negative deviation of mortality
during the monsoon season. Deaths from respiratory
diseases generally peaked during the cold season, with a
small secondary maximum during summer for males
(Figure 2). In urban and high SES areas, respiratory sea-
sonality was only minor. Cardiovascular mortality was
generally higher during the cold winter season. Never-
theless, urban areas exhibited a pronounced secondary
summer maximum of cardiovascular mortality and in
areas with high SES, a small summer maximum was
observed as well (Figure 2).
Diarrhoeal mortality showed the most complex seaso-
nal variations. In general, two maxima occurred: one
between the summer and the beginning of the monsoon
season, and the other at the end of the monsoon season.
However, size and exact temporal occurrence varied
with location, gender and SES (Figure 2). In rural areas
a primary peak from April to June occurred and a sec-
ondary peak at the end of the rainy season. Additionally,
rural diarrhoeal mortality was increased during winter,
in December and January. In urban areas some sort of a
post-monsoon maximum, with slightly increased levels
from September to December was observed. However,
variations in urban areas were only minor (Figure 2).
For males a marked primary peak from March to June
and a less marked secondary maximum at the end of
the monsoon season were detected. In the case of
females, no seasonal pattern of diarrhoeal mortality
emerged. In regions with low SES, two equally
Table 1 Percentage of deaths attributed to selected diseases by location, gender and socioeconomic status (SES)
(2003-2007)
Cause of death Rural Urban p-value* Male Female p-value* Low SES High SES p-value*
Respiratory disease 19.4 16.1 <0.001 19.4 17.0 <0.001 14.1 14.2 0.95
Cardiovascular disease 11.5 20.8 <0.001 16.7 11.0 <0.001 14.7 17.6 <0.001
Diarrhoeal Disease 3.9 2.7 <0.001 3.2 4.1 <0.001 3.5 2.9 0.02
Infectious disease 13.9 9.4 <0.001 12.2 13.7 <0.001 10.1 10.5 0.36
Cancer 6.2 7.5 <0.001 6.7 6.3 0.16 7.1 7.7 0.13
Malnutrition 2.0 1.8 0.24 1.7 2.4 <0.001 1.1 0.7 0.10
Vector-borne disease 1.5 0.7 <0.001 1.4 1.3 0.39 1.3 1.4 0.05
Other diseases 41.6 41.0 0.01 38.7 44.2 <0.001 48.1 45.0 <0.001
Total 100 100 100 100 100 100
*: p-values were determined by Chi-square tests with a significance level of 0.05.
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Figure 2 Seasonal mortality variations of all-cause mortality (ALL), respiratory mortality (RE), cardiovascular mortality (CVD), and
diarrhoeal mortality (DIA) distinguished between different subcategories (rural vs. urban, male vs. female, low vs. high SES). (The 95%-
confidence intervals are displayed by the shaded areas).
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pronounced maxima occurred: one in summer and one
at the end of the monsoon season. In regions with high
SES, diarrhoeal mortality was slightly increased at the
end of the monsoon season and diminished during
winter.
Age-dependency of seasonality
For all considered diseases, the magnitude of seasonality
represented by the seasonality index (F) was strongly
age-dependent (Figure 3). Generally, children faced a
high magnitude of seasonality while for youths and
young adults seasonality was less important. With pro-
gressing age, the magnitude of seasonality rose again
and reached maximum levels at the age of 60 to 80
years. Above this age, seasonality declined again.
Respiratory seasonality was strongly pronounced for
children and additionally pronounced for older age
groups between 40 and 80. Particularly, children and the
elderly in rural areas, as well as elderly males, faced a
strong seasonal risk. Cardiovascular seasonality played
no role for children, but was pronounced for persons
aged between 40 and 80 years, peaking at the age of 60.
Predominantly males and regions with high SES were
subject to strong seasonal effects on cardiovascular mor-
tality in the elderly. In the case of diarrhoeal mortality,
seasonality mainly played a role for children in their
first years of life and then rapidly subsided. Diarrhoeal
child mortality was particularly subject to seasonality in
rural areas and in males.
Discussion
In this study we identified distinct seasonal variations of
mortality, with the shape of the seasonal pattern
depending on the cause of death, age, gender, and loca-
tion, as well as SES. Unlike findings from other tropical
regions [17,18,23-25,35-39], we did not find a primary
maximum in mortality during the hot and humid/rainy
season. In our data the summer excess mortality may
have been represented by the secondary maximum from
April to July. However, the main peak in mortality
occurred during the cold season. This observation sug-
gests that Bangladesh is undergoing an epidemiological
transition as the incidence of diarrhoeal deaths reduces
considerably and cardio-respiratory diseases become
more dominant. A transition in the seasonal pattern -
from a summer to a winter peak - has also been
described for Europe and Japan, and SES changes and
improved medical care served as explanations [5,21].
Indeed, a study analysing death counts from 1972-1974
from a rural area in Bangladesh found a winter maxi-
mum for dysentery and chronic diarrhoeal mortality.
The author ascribed this pattern to the high quality of
diarrhoeal health care in that particular (intervention)
area and acknowledged that such a mortality pattern is
possibly not found in other areas [14]. In a follow-up
study, in which data from 1982 to 1990 was analyzed, a
winter maximum was found for all-cause mortality;
however, diarrhoeal deaths peaked during the hot and
humid season [15]. To date, the only lower-latitude
regions exhibiting a mortality peak during the cold sea-
son are Mexico City (Mexico) and São Paulo (Brazil),
both located within higher altitudes and exhibiting tem-
perate climatic conditions (type C-climates according
the Köppen-Geiger classification) as well as a generally
higher SES [16]. In addition, a higher mortality during
the cold months was found for under-five mortality in
Nairobi (Kenya), also classified as a temperate type C-
climate [40,41]. To our knowledge, the only country
with a tropical type A-climate for which a winter excess
mortality has been established is Bangladesh.
Nowadays, respiratory and cardiovascular diseases are
the leading causes of death in Bangladesh. We found
that both diseases as well as all-cause mortality peaked
during winter, despite the perception of the relatively
cold season as being thermally comfortable. These find-
ings suggest that winter excess mortality is not a conse-
quence of seasonal low absolute temperatures but,
rather, is a consequence of a seasonal fall in average
temperature. The adverse effect of relatively low tem-
peratures was also demonstrated in a recent study using
the same data set [32]. Regression models adjusted for
the confounding effects of trend, season and day of the
month revealed an increase in mortality with tempera-
tures falling below a threshold situated in the 90th to
95th percentile of the temperature distribution. While
adequately adapted to heat, the Bangladeshi population
seems less prepared for the winter period. The impor-
tance of relative cold is also highlighted by research
conducted by Douglas et al. [1] and the Eurowinter
Group [42].
The pronounced summer peak of all-cause and cardi-
ovascular mortality in urban areas is possibly related to
the urban excess (equivalent) temperature, the so-called
urban heat island. Excess temperatures amounting to
several Kelvin in monthly averages were found in urban
areas of (sub)tropical regions [43,44]. Nevertheless, a
higher susceptibility of the urban population towards
heat might also be an explanation. A higher susceptibil-
ity towards heat might also be the cause of the second-
ary summer maximum of cardiovascular mortality in
regions with high SES.
In this study the complexity and dynamic nature of
diarrhoeal disease pathogenesis is once more illustrated.
Several agents that induce diarrhoeal disease favour dif-
ferent meteorological and hydrological conditions for
their replication and survival. High temperatures gener-
ally promote the growth of bacteria, whereas, for
instance, shigella epidemics show a high incidence rate
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Figure 3 Age-dependency of seasonality of all-cause mortality (ALL), respiratory mortality (RE), cardiovascular mortality (CVD), and
diarrhoeal mortality (DIA) distinguished between different subcategories (rural vs. urban, male vs. female, low vs. high SES). (Mean of
seasonality index is indicated by the dashed lines. The 95%-confidence intervals are displayed by the shaded area).
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during the cold season [45]. Furthermore, there is evi-
dence that moderate temperatures favour certain agents,
such as the rotavirus [46,47]. Additionally, hydrological
aspects, such as stagnant water, a lack of dilution, con-
tamination, or the break down of water systems asso-
ciated with no, high, or ongoing rainfall, determine the
spread of diarrhoeal pathogens [46,48]. Cholera inci-
dence showed a bimodal distribution in Bengal that
seemed to be driven by hydroclimatological factors
[49,50]. Low precipitation and low river discharge dur-
ing spring was associated with the first outbreaks of
cholera in Bangladesh whereas high precipitation and
peak streamflow of rivers during the monsoon season
was associated with the second peak during the mon-
soon season (ibid).
Given this background information, the interpretation
of our findings is complex. Nevertheless, we suggest that
the summer peak in diarrhoeal mortality is predomi-
nantly caused by bacterial contamination during the hot
season favouring replication of agents, whilst the post-
monsoonal peak probably results from overstrained sew-
age systems, flooding and stagnant water. The pro-
nounced seasonal pattern in rural areas and areas with
low SES is possibly due to reduced coping abilities in
these regions. The absence of a summer peak in urban
areas and the reduced post-monsoonal peak might be
due to improved access to fresh aliments, cooling sys-
tems as well as more developed drainage and sewage
systems. Regarding female diarrhoeal mortality, the non-
existence of seasonal fluctuations is surprising as
females are facing an increased risk of dying from diar-
rhoeal mortality. Women are usually bound to their
homes consuming home made food, whilst men are
commonly pursuing an income generating activity out-
side that forces them to eat food either self-carried or
purchased at some sort of restaurant. Particularly, dur-
ing the summer season the risk of bacterial contamina-
tion is thus increased. In areas with high SES, higher
sanitary standards, improved water and drainage systems
and higher levels of education might have resulted in
reduced diarrhoeal seasonality.
Our analysis further showed that seasonality is
strongly age-dependent. Children in their first years of
life exhibited a high magnitude of seasonality, demon-
strating their susceptibility towards environmental con-
ditions. This susceptibility to season and environment
was even more pronounced in rural areas, probably
resulting from poor primary health services as well as
poor living standards. Although young and middle-aged
adults are likely to be most excessively exposed to envir-
onmental influences they were the only group to show
weak or no seasonality. The increasing seasonality index
with increasing age reflects the growing susceptibility of
the human organism towards environmental conditions.
The observed decrease in seasonality between the ages
of 80 and 90 might be due to the so called selection
effect, described in detail by Rau [5]. Briefly, the phe-
nomenon is the consequence of a heterogeneous popu-
lation in which frail individuals face higher mortality,
leaving a robust subset. This robust subset is less sus-
ceptible to seasonal effects, lowering seasonality up to a
certain age beyond which individuals once again become
more susceptible.
Strengths and Limitations
Compared to studies conducted in Western countries,
our data comprise only a sample and not a complete
inventory. Nevertheless, in the context of a developing
country such data availability is rather exceptional as
the data set includes continuous data and covers Bangla-
desh on a nationwide level. Incompleteness, underre-
porting and the absence of validation and correction of
known bias are often associated with civil registration
systems in developing countries [51,52]. Due to the dual
recording system the authors appraise the reliability of
the data as rather high. Although in other cases difficul-
ties are imposed by the fact that many deaths occurring
at home in resource-poor countries are not registered
[53], here this is bypassed by the registration system,
which surveys households. However, some limitations
should be mentioned. One of the limitations is related
to the lack of information about the socioeconomic
composition of the sample. Bangladeshi society consists
of a wide range of different groups with different socioe-
conomic and educational backgrounds. Furthermore, the
data collection and registration were not medically certi-
fied and cause of death classification is rather rough and
does not follow International Classification of Disease
standards. Our analysis revealed that the magnitude of
seasonality is strongly age-dependent; however, this find-
ing does not allow conclusions about the temporal
occurrence of maximum or minimum mortality. It may
well be that the seasonal pattern reveals to be modified
for different age groups with temporally displayed peaks
and troughs compared to the mean seasonal pattern.
The number of observations, however, did not allow a
further age stratification of the seasonality plots, particu-
larly not in the case of cause-specific mortality. Finally,
we need to acknowledge that due to the nature of this
ecological study which is based on aggregated informa-
tion, inferences need to be made carefully as the risk of
ecological fallacy is implied.
Conclusions
This study demonstrated the importance of considering
seasonal impacts on mortality and revealed several tar-
get groups and diseases for which the consideration of
seasonality seems particularly crucial. We showed that
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the effect of season or seasonally changing environmen-
tal conditions depends on preconditions in a subpopula-
tion or region. In particular, rural areas showed a high
magnitude of infant and child seasonality, while urban
areas were strongly associated with summer excess mor-
tality, especially for cardiovascular mortality. Children
and elderly people were affected most by seasonal
effects. The consideration of such seasonal effects could
help to place public health interventions most effec-
tively. Generally, protection measures against cold or
heat among infants or those under hospital care can
help to avoid or overcome critical states of health. We
emphasise that knowledge on the interaction between
seasons, atmosphere, and health is especially necessary
in times of climate change so that its possible impacts
can be mitigated.
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Additional file 1: Stratified-time series plots of daily death counts.
Daily death counts from 2003 to 2007 stratified by location, gender, and
SES and smoothed with penalized splines.
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dependency of infectious disease seasonality (INF), cancer seasonality
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